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1I. INTRODUCTION.
The experiments described in the following pages are a con-
tinuation of the work started by Mr. Charles Clyde Rice, of the
Glass of 1911, for the purpose of making a study of the effect of
sudden expansion and contraction upon the flow of water in pipes.
The theoretical calculation of these losses is impossible, owing to
the irregularity of flow at the section where expansion or contrac-
tion takes place.
The general plan of the work was to put in manometer tubes
at certain distances either side of the section and thus to
measure
the differences of head at these sections. Thus the losses due
to
either expansion or contraction and their distribution along the
pipe were obtained.
Two ratios of sectional areas were used in these experiments
for both expansion and contraction. A study was made of the
effect
of the velocity in the pipe upon the losses, logarithmic curves
were
plotted and equations were deduced from these curves to express
losses of head with variation of the velocity in the pipe.
The experiments will be described in the following order, (a
theory and available data, (b) apparatus and method of testing, (c)
experimental data and discussions, (d) conclusions, and (e) curves
and tables.

2II. THFORY AND AVAILABLE DATA.
In computing the losses for sudden expansion the formula
H ' = ( v " v ) has been commonly employed, the values thus obtained
agreeing fairly close with those from experiments. In the above
formula H* is the head lost by sudden expansion, v is the velocity
in the smaller pipe and V is the velocity in the large pipe. The
formula is lerived upon the assumption that the pressure at the sec-
tion of expansion is equal to that a short distance back in the
smaller pipe. Expressions for energy at both sections are taken,
the energy at the section of the smaller pipe is equal to that at
the section e^ the larger pipe plus the energy lost in overcoming
friction an 1 expansion. By equating these expressions the above ex-
pression is derived.
The equation generally used for losses due to sudden con-
va
traction is (k) , k being an experimental coefficient varying
2g
with the different areas of cross-3ection. Values of k are given by
Weisbach for different ratios of cross-3ectional areas, and are
frequently employed. (Table- Hoskins Hydraulics, page 74)
Very little experimental data are available upon the subject.
The author hunted through the Chicago Public, the John Crerar, and
the University of Illinois Libraries, and the only material available
were the data from the experiments of A. H. Gibson, 1'anchoster
University, which are contained in his book, Hydraulics and Its
Anpli cations. He includes but a brief resume of his work, giving no
details of the kind of pipe, what material it is made of, or the
condition o p the interior surface, nor the methods of measurement of
the losses.
.
The losses due to expansion which he found, coincide very

3closely with the theoretical losses as calculated from the formula
given above.
The results obtained by Gibson are tabulated below with those
obtained by the tests, for nearly the same ratio of sectional areas.
LOSSES DUE TO EXPANSION.
Velocity _ , Theoretical
in Feet Ratio 01 Areas Losses
per Gibson Author Author Fo££g?a
No. Second in 1:10,96 1:9.5 1:4.28 ^ _
jJ
2g
Smaller Loss of Head in Feet of
Pipe Water
1 2.87 0.107
2 4.20 0.233
3 6.01 0.483
4 9.02 1.103
5 12.19 2.016
6 15.20 3.163
0.150 0.120 0.106
0.330 0.253 0.226
0.700 0.495 0.465
1.520 1.041 1.041
2.700 1.940 1.9C6
4.10 2.990 2.975

III. APPARATUS AMD METHODS OF TESTING.
Ti*e3e experiments were carried on with two changes of sec-
tions. One from a 2-in. pipe to a 6-in. pipe and the other from a
2-in. pipe to a 4-in. pipe. The ratio of areas at the change of
section was 1:9.5 in the former case and 1:4.28 in the latter case.
The pipes were screwed into the flanges and carefully faced, to se-
cure a sudden expansion without any shoulders or projections in the
pipe which might cause an irregularity of flow. A 10 ft. length of
straight 2-in. pipe discharged into a 30 ft. length of 0-in. pipe,
which in turn discharged into another 10 ft. length of 2-in. pipe.
When a change of section was made the length of 6-in. pipe was taken
out and an equal length of 4-in. substituted. This comprised the
principal apparatus used in the tests. The 4-in. pipe was new, the
6-in. pipe had been in use for one year, and the 2-in. pipe had been
in use for several years. All the pipe was ordinary steel pipe and
no effort was made to smooth or polish the interior. A gate valve
was placed at each end of this apparatus to regulate the flow.
Quarter-inch holes for measuring pressures were tapped at
different sections of the pipe, being 6 in. apart at the expansion
and contraction ends, and increasing away from the sections, as shown
in Plate I. The holes were reamed out with a rat tail file to re-
move any burrs caused by the drills.
Piezometer tubes were fitted to all the holes, care being
taken to keep the tubes from projecting into the pipe, as some ir-
regularity of pressure would result from any projections on the in-
side of the pipe.
l/4-in. tees were connected to the piezometer tubes, so that

Plate. - I 5

6the pressure could be transmitted to two gauges. l/4-in. nipples
were screwed into the tees, with the free end "beveled to facilitate
making a connection to inverted U- tubes, with heavy rubber tubing.
Pressure was obtained from the stand pipe in the Hydraulic
Laboratory where the experiments were performed. The head of water
in the stand pipe was kept constant by operating an automatically
controlled pump which would just supply the demand.
The water was delivered from the stand pipe to the apparatus
through a 4-in. pipe and a 4 to 2-in. reducer, and was discharged
into a tank placed on scales. 500 lb. of water were usually taken
and the time of discharge was obtained with a stop watch reading to
fifths of a second.
Differential gauges were used for measuring the losses of
head between sections, one of them being fitted with valves and stop-
cocks to facilitate the removal of air from pipes and connections.
The others were inverted U-tubes connected to the piezometer coup-
lings by heavy rubber tubing. The gauges were used with air confined
in the upper portions, the difference in pressure being measured by
the difference in height of the water columns. A scale reading to
hundredths of a foot was used for this work. In order for the gauges
to show the correct pressure no air could be allowed to collect in
the pipes or tubing leading to them. Much trouble was experienced
in removing the air which thus collected. In order to remove this
air, it was necessary to disconnect the tubing from the gauges.
Sometimes the air could be allowed to move along the tubing and col-
lect in the glass gauges, but it was difficult to ascertain when all
the confined air was removed from the tubing.

IV. EXPERIMENTAL DATA AND DISCUSSIONS
.
The range of velocities used in these experiments was
governed by the available pressure and by the minimum difference
in pressure that could be read on the pressure gauges. The maxi-
mum range was from 1.1 to 16 ft. per sec. in the smaller pipe.
The distribution of the losses along the pipe after ex-
pansion is shown on Plates 6 and 7 and that for contraction on
Plates 8 and 9. These curves were plotted from the original data,
the differences in pressure being taken as ordinates and the
length along the pipe as abscissas. From the curves it can be
seen that the pressure drops for a short length, then rises again,
and then drops off nearly uniformly. This sudden drop is caused
by the loss of energy due to impact which is indicated by a change
in pressure since the velocity is rot suddenly changed. One-half
of the total loss due to expansion when the stream expands 9.5
times, and about one-third of the total loss when the stream ex-
pands 4.28 times, occurs immediately beyond the change of section*
This assumes that the velocity head is not suddenly changed as
the stream passes to the larger section. The rise in pressure is
due to the stream assuming the normal cross section of the pipe,
thus changing velocity head to pressure head, and the final uniform
drop represents the loss due to friction. From the curves, plate 6
a^d 7, it can be seen that the length over which the rise of
pressure takes place is about '6 ft. when the stream is expanding
9.5 times and about 1.5 ft. when the stream is expanding 4.28

8times. The gradient, being of nearly uniform slope from these sec-
tions on, Plate 6 and 7, represents friction losses and thus the
principal losses due to expansion occur within these sections. The
drop in the hydraulic gradient being 0.15 of a foot in 20 ft. for thft
highest velocity in the 4—in. pipe (Plate 7), indicates a loss of
0.0075 ft. per ft., and this being very small, less than the
smallest division on the measuring scale, was neglected in the com-
putations.
The losses due to expansion were computed in the following
manner. The loss of pressure betv/een sections a-a and b-b when the
stream expands 9.5 times was taken directly from the gauge reading
and tabulated in Table 2, Column A. The total loss from section
b-b to section c-c was tabulated in Table 2, Column B. The losses
between four different sections were taken and added to give the
values as tabulated. The original observations of these losses
are not tabulated but are plotted on Plates 6 and 7. These two
columns were added algebraically and the results placed in Column
C, Table 2. This gave the loss in pressure head alone. The
equivalent pressure head due to the difference in velocity heads
was computed Column D, Table 2, and added to the difference or loss
in pressure head. The sum gave the total loss due to expansion,
(Table 2, Column E). Table 3 was constructed in exactly the same
manner. The last Column (F), gives the velocities in the respec-
tive pipes computed from the formula q = Fv, where q is the volume
of water in cu. ft. per second flowing through the pipe, obtained
from the weight of water during a certain interval of time. F is
the area of cross-section of the pipe in sq . ft. and v the velocity

9in ft. per sec.
The lc-sces are considerably higher as determined experi-
mentally than those computed from the formula H* = jg""g (Plate
3 and 4). The losses are about 45 ^ higher when the stream ex-
pands 9.5 times (Plate 2) and about 34 ^ higher when the stream
expands 4.28 times (Plate 3). Gibson on the other hand seems to
deviate only about 2 to 5 % from the values obtained by the
formula (Table 1).
The computation of the losses on the contraction end is the
same as that for the expansion end with the exception that the
difference in velocity head instead of being lost is converted from
pressure head and thus has to be subtracted from the total differ-
ence of pressure to get the loss due to contraction. Tables 4 and
5 show the computations for the contraction end. Column G gives
the difference in heads between sections a-a and b-b. Columns I
and J give the velocities in the large and small pipe respectively.
Column L is the equivalent pressure head due to the difference of
velocity heads. Column M is the loss due to friction. The
formula h' = f ± jl being used, f being determined from Plate 8
by substituting for h' in above equation, for several velocities,
then plotting these points and drawing a curve connecting them.
On the contraction end of the system the distance over
which the loss of pressure extended was much smaller than that on
the expansion end, being only about 6 in. along the pipe. The
pressure from this point decreased but not uniformly for a distance
of about 2 1/2 ft. down the pipe, for the higher velocities (Plates
8 and 9). The pressure curve as soon as it assumes a constant
slope indicates the rate of loss due to friction. If this pressure
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curve is then projected backward with a constant slope representing
the loss due to friction until it strikes the change of section,
the loss due to change of section may be measured by the vertical
distance between the two curves. From the curves (Plate 8 and 9)
it is found that about 85 $ of the total loss due to contraction,
occurs in the first 6 in.
Much inconsistency of results was found in measuring the
loss due to contraction, and this was mainly due to the fact that
the ends of the piezometer tubes may have extended into the pipe,
the shell of the 2 in. pipe being thin for this kind of a connection
The average losses with the 1:9.5 ratio of areas compare
closely with those given by Gibson, for a 1 to 10.96 ratio of areas,
They are higher than those obtained by using a coefficient from
Weisbach, 1 : 9 .5 contraction (Plate 4), while the 1:4.28 contraction
gave lower losses than the use of the coefficient taken from
Weisbach. (Plate 5)
.
The following expressions were derived from the experimen-
tal results by plotting on logarithm ic paper.
9.5 H' = 0.0272 V 1,87
Expansions . p ,
4.28 H f = 0.0132 v I-a°
Contractions
9.5 H f = 0.0067 V 1 * 84
4.28 H» = 0.0032 V1 *
The following approximate expressions were derived from
the above.
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Approximate Expressions
Expansion
v2
H* = 1.4— (9*5 Expansion)
eg
V2
H * = 0.7 — (4.28 Expansion.)
Contraction
V2
H ' = 0.4 -— (9.5 Contraction.)
2g
V2
H = 0.12 (4.28 Contraction.)
2g
The exact expressions are given on the preceding page.
Curves showing the relation of velocity to Iosb of head
for both sudden expansion and contraction were drawn on logarithmic
cross-section paper, (Plates 10 and 11). Since the curves are
straight lines their equations are readily determined.
If log H f = log k + n log V, be the general equation of
a straight line drawn to logarithmic coordinates, the equation of
the curve drawn to rectangular coordinates becomes H* = k Vn ,
where (n) is the tangent of the angle which the curve to the log-
arithmic scale makes with the horizontal, and k is the intercept
on the vertical axis when log H = 1.
An auxiliary curve is now drawn showing the relation be-
tween lost head and the ratio of areas. To draw this a constant
velocity must be used, and 10 ft. per sec. was used for the curve
drawn. In drawing the curve it is assumed that the lost head will
vary as some exponential function of the ratio of areas. For this
relation more data should have been taken upon other ratios of
areas, and upon other sizes of pipe, riving the same ratio of areas
In using this auxiliary curve, for any ratio of areas,
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project a horizontal line from the point of intersection of the
curve with the ratio ordinate, until it cuts the 10 ft. velocity
ordinate. Through this point draw a curve parallel to the experi-
mental curves, and it will represent the relation between the lost
head and the velocity for that particular ratio of areas. In this
manner curves were drawn for ratios of areas of 2 to 1, 3 to 1,
6 to 1, and 15 to 1. (The ratio used for these curves is the
larger area to the smaller).
Since the lost head varies with the velocity and also with
the ratio of areas, and the logarithmic curves are straight lines,
then
log H' *=*" log Ki + m log V and log H* 00 log K, + n log R
Or,
log H' = log K
3
+ m log V + n log R
This reduces in rectangular coordinates to the expression
H f = K_ Rn Vm .
In the above equation R is the ratio of areas, (larger section to
smaller), V is the velocity in the smaller pipe, and (n) and (m)
experimental exponents. K„ is an experimental coefficient. (n)
and (m) are determined from the curves, being the tangents of the
angles that the curves make with the horizontal. R and V being
chosen, H' is taken from the curves. Substituting these values
in the formula, is determined.
The following expressions are deduced from the curves.
(1) Sudden expansion.
H' = 0.00932 rO.413 v1.885
(2) Sudden Contraction
H' = 0.00127 R°* 88 VL84
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V. CONCLUSIONS
.
The lose due to expansion seems to be about three times the
loss due to contraction, and from this it can be seen that sudden
expansions are to be avoided more than sudden contractions.
The main losses on the expansion ends occurred within three
feet of the expansion section on both pipes for the higher velocities
When the stream expanded 9.5 times this distance became 1 l/2 ft. for
a velocity of 2 ft. per sec. and for the stream expanding 4.28 times
it became 1 l/2 ft. at a velocity of 4 ft. per sec. During the
latter expansion for a velocity of 1.42 ft. per sec. the loss due to
expansion could be only detected one foot from the section the other
gauges reading zero. This zero reading indicates the limit of the
velocity at which results could be obtained due to the lack of more
sensitive apparatus. When expanding 4.28 times at a velocity of 2 ft-
per sec. in the smaller pipe, the length over which the losses are
distributed is about 1.5 ft. from the expansion section or about 54
per cent of the length at a velocity of 8 to 10 fz. per soc.
In the two expressions for loss of head, hereinbefore stated,
for the two different ratios of areas, H* = about 1.4 velocity heads
when the stream is expanding 9.5 times, and H f = about 0.7 velocity
heads when the stream is expanding about 4.28 times. The exponents
of v are nearly the same and the coefficients are in about the ratio
of 2:1 or nearly the same as the ratio of the areas.
The principal losses due to contraction occur within six
inches of the contraction section. The drop in pressure along the
pipe shows a considerable friction loss. The losses at the sections
of contraction vary as exponential functions of the velocity and the
ratio of areas.
\
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The losses as determined at the expansion end are very con-
sistent, and represent the conditions there very well. The losses
at the contraction end are not as consistent "but agree closely with
those found by Gibson and Weisbach.
The following exponential formula was developed H 1 = k Rn Vm
where k is an experimental coefficient, R is the ratio of the areas
of cross-sect ior (larger to smaller), V the velocity in ft. per sec.
in the smaller pipe, and n and m exponents of R and V respectively,
as found frcm curves plotted from data on logarithmic paper.
The following general formulas are proposed:
Sudden Expansion H» = 0.00932 R0,415 y1,885
Sudden Contraction H» = 0.00127 R * 88 y 1 * 84
While more data should be taken to accurately determine the
constants and exponents in the above formula, it is felt that they
represent the actual conditions closely.
These experiments should b6 extended and a heavier section
should be employed for the smaller pipe so that the tubes will not
project through the shell or other arrangements made to obviate this
difficulty. In addition differential gauges with valves and drain
cocks should be employed, especially for measuring losses due to con-
traction.
Other sizes of pipe with the same ratio of areas, and pipes
with other ratios of areas should be used and the results studied
to see if they conform with the general formulas derived from re-
sults obtained by testing two sections.
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Loss of Heiad Due: to Expansion.
Siz-t of pipe W8tn. and 6.10 in. Ratio of Areas 1 '• 0-5
f
Or H' - H,-H t t 1381 Vi
C -
a-a awd b-t>Loss of Pirevsure M
Fat of Water between J b-b and t-e
A-B
In ft of Water
F * N/^ \\r> ft £>er second
No. A B c D EL F
i 0.23 -0.12 0.11 0.256 0.36 4.08
3 0.45 0.13 0.32 0.670 0.99 6.6
5 0.95 0.48 0.47 1.160 1.63 8.91
6 0.70 0.38 0.32 1.08 1.40 8.61
7 0.62 0.36 0.26 0.90C 1.16 7.87
8 0.51 0.25 0.26 0.64 0.90 6.72
9 0.40 0.21 0.19 0.58 0.77 6.37
10 1 .20 0.68 0.52 2.02 2.54 11.47

26
No A B C D E P
12 0.95 .55 0.40 1 .050 1 .45 8.90
3 0.92 0.53 0.39 1 .13 1 .52 9.80
5 0.75 0.37 0.38 1 .05 1 .43 8.90
7 0.53 0.30 0.23 .93 1.16 8.03
8 0.50 0.26 0.24 .84 1 .08 7 .73
9 1 .40 0.90 .50 2 .00 2 .50 11 .40
21 1 .35 0.59 0.76 2 .27 3.03 12.15
3 0.95 0.50 .45 1 .60 2 .05 10.30
4 0.72 0.42 0.30 1 .28 1 .58 9.55
5 0.65 0.33 0.32 1.16 1 .48 8.99
6 0.52 0.27 0.25 0.95 1 .20 8.05
7 0.50 0.23 0.27 0.75 1 .02 7.18
8 0.37 0.18 0.19 0.70 0.89 6.97
9 1 .35 0.84 0.41 2 .22 2.63 12 .00
31 0.76 0.47 0.29 1 .80 2 .09 10.85
2 .95 0.60 0.35 3 .35 3 .70 14.75
3 1 .40 0.87 0.53 3.94 4.47 16.00
4 1 .25 0.65 0.60 3.08 3 .68 14.20
5 1 .13 0.58 0.55 2.10 2 .65 11 .67
6 .90 .49 .41 1 . 64 2 . 05 10.50
7 .70 0.40 0.30 1 . 12 1 .42 8.80
8 .55 .28 0.27 0.96 1 .23 8 .20
9 0.38 0.22 .16 0.80 0.96 7 .54
• 54 . 35 . 19 0.36 0.55 6.15
2 0.48 0.25 0.23 1.04 1.27 8.45

27
No. A B C D E F
43 0.65 0.42 0.23 1.68 1.91 10.35
4 0.82 0.50 0.36 1.92 2.24 11.20
5 1.05 0.58 0.47 2.68 3.15 13.15
6 1.40 0.79 0.61 3.35 3.96 14.70
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TABLE 3.
Loss of Heiad Due: to Expansion
From Section fVfl to Section B-B
Size of pipe \AS and 410 in. Ratio of Areas
i : 4.ae
B
on H' - H-H* + o^q v4*
A -
B =
Loss of Pressure \y\
Fe«t of Water between
C- A-B
a- a. a«i<i b-b
b-b a«\d c-C
D =
f-
A-BtD
J\J^_ vvv Yetf per <.eoot-vl
No A B c D e. F
i 0.58 -0.87 -0.29 1.68 1.39 2.50 10.50
2 0.55 -0.87 -0.32 1.75 1.43 2.56 10.63
3 0.73 -1.16 -0.43 2.44 2.01 3.02 12.41
4 0.23 -0.37 -0.14 0.77 0.63 1.70 7.40
5 0.16 -0.23 -0.07 0.39 0.32 1.20 4.76
6 0.51 -0.76 -0.25 1.88 1.43 2.50 10.50
7 0.52 -0.75 -0.23 1.77 1.54 2.58 10.70
8 0.66 -1.00 -0.34 . 2.32 1 .98 2.93 12.23
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No A B C D E F
9 .86 -1 .40 -0.54 3 . 00 2 .46 3.35 14. 10
10 1 .00 -1 .54 -0.54 3 .45 2.91 3 .58 15.00
1 0.85 -1 .32 -0 .52 2.92 2 .40 3.30 13.90
2 .74 -1 . 19 -0.35 2 .41 2 . 06 3.00 12 . 64
5 .60 -0.94 -0 .34 2.10 1 .76 2.80 11 .00
4 0.43 -0 .73 -0.30 1 . 30 1 .00 2.20 9 .40
5 0.30 -0.54 -0 .24 . 98 .74 1 .92 8.00
6 0.22 -0 . 39 -0 .17 0.83 0.66 1 .76 7 .20
7 0.19 -0.32 -0.13 0.60 0.47 1 .50 6.20
'
8 . 13 -0.23 -0 . 10 .45 .35 1 . 30 5 .34
9 0.10 -0.15 -0 .05 0.36 .31 1.14 4.40
20 0.06 -0.09 -0 . 03 .24 0.21 .92 3.70
1 0.04 -0 .06 -0 . 02 0.12 . 10 0.67 2.70
2 1 . 10 -1.71 -0.61 3 .88 3.27 3.80 15 .20
3 0.75 -1 .22 -0.47 2.53 2 . 06 3.10 13 .00
4 0.60 -0.98 -0.38 1 .95 1 .57 2.70 11 .40
5 0.48 -0.77 -0.29 1 .54 1 .25 2 .40 10 .20
6 0.36 -0.62 -0 .26 1 .25 . 99 2.16 "8 .94
7 0.26 -0 .41 -0
. 15 . 93 .78 1 .87 7 .80
8 0.20 -0 .33 -0.07 0.78 0.71 1 . 60 6 .60
9 0.11 -0.18 -0
. 07 0.42 . 35 1 .25 5 . 10
30 0.05 -0 .08 -0.03 0.14 .11 .82 3 .20
1 0.03 -0.04 -0.01 0.03 0.02 0.33 1.42
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TABLE 4.
Loss or Helad Due: to Contraction.
S\ze of pipe 1.98 and 6.10 Ratio of Areas
\sL4
H" - tt.-VW - C 1-381 Vt
l ¥<) L
Otf^ov«r»c« m Pressure
Feet oY tyJaTer teT^een
a-A a*\d b-b v/i
^
Velocity 1V1 ft- per sec.
- 6 pipe
_
2!' y>ip
«
M *
2-3
K - Friction Loss
No G I J M N
1 1 .95 0.904 8.60 1 .06 0.07 0.82
2 1 .46 0.777 7.39 0.78 0.06 0.62
3 2.68 1.110 10.50 1.68 0.11 0.89
4 3.34 1 .285 12.22 2.28 0.14 0.92
6 0.15 0.286 2.72 0.12 0.01 0.02
7 0.89 0.64 6.07 0.53 0.04 0.52
8 1.37 0.766 7.47 0.79 0.06 0.52
16 1 .98 1.02 9.71 1.41 0.09 0.48
7 1.42 0.873 8.79 0.99 0.07 . 0.36
8 0.72 0.b54 5.26 0.40 0.03 0.29
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No G I J L II N
19 0.43 0.376 3.58 0.18 0.01 0.24
20 0.13 0.256 2.57 0.03 0.01 0.09
2 0.45 0.469 4.67 0.28 0.02 0.15
3 0.68 0.389 5.52 0.20 0.03 0.45
4 1.23 0.777 7.39 0.78 0.05 0.40
5 1.92 0.864 10.50 0.96 0.11 0.85
6 1.98 0.997 8.21 1.38 0.07 0.53
7 2.53 1.11 9.46 1.71 0.08 0.74
8 3.17 1.25 11.9 2.16 0.13 0.88
9 3.49 1.30 12.38 2.33 0.14 1.02

TABLE
Loss of Heiad Due: to Con traction.
S\z.e of pipe 1% and 4.10 Ratio of Areas I '• 4.2-8
4 |b
r
b
,
If a
—
?
H, -Ht -(li-^-**1) = H "
H" = H, -Ht - (p.* 61 V* + K
1
P Difference m Pressove m]
J w
Feet of Water between
[Velocity m ft- per %tc
-
4" Pl^e
- Pipe
M = K Friction Loss
G I L M N
i 0.70 ] .38 5.65 0.51 0.05 0.14
5 0.89 1 .54 6.37 0.64 0.07 0.18
4 1.40 1.96 8.21 1.03 0.13 0.24
5 1.94 2.26 9.74 1.38 0.18 0.48
6 2.35 2.60 10.84 1 .81 0.22 0.32
7 2.60 2.70 11.50 1.95 0.25 0.40
9 1.74 2.14 9.00 1.23 0.15 0.36
13 0.70 1.35 5.50 .49 0.06 0.15
4 1.40 2.00 8.21 1.08 0.12 0.20
5 1.74 2.14 9.00 1.23 0.15 0.36

33
No
16
7
8
9
20
1
2
3
4
5
6
G
2.00
2.23
2.50
2.94
3.16
1.77
2.30
2.78
3.27
3.80
4.14
I
2.26
2.50
2.60
2.90
3.00
2.20
2.50
2.92
5.04
3.30
3.50
J
9.63
10.50
10.85
12.21
12.50
9.70
10.50
12.30
12.50
13.80
14.70
L
1.38
1 .42
1.81
2.26
2.41
1.30
1.42
2.28
2.49
3.04
3.28
M
0.17
0.21
0.22
0.28
0.29
0.18
0.21
0.28
0.29
0.35
0.40
N
0.45
0.60
0.47
0.40
0.46
0.29
0.67
0.£2
0.59
0.41
0.46
fir
»9

